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ABSTRACT 


This  report  describes  the  analysis,  design  and  fabrication  of  structural 
specimens  to  be  used  in  an  investigation  of  peak  pressure  and  multi-mode 
effects  of  sonic  fatigue.  These  specimens  are  to  be  fatigue  tested  to  failure 
in  the  RTD  Sonic  Fatigue  Facility  by  RTD  personnel. 

Details  of  the  analysis  and  design  are  presented  for  three -bay  panels 
and  frame  stringer  panels.  The  three -bay  panels  were  designed  to  fatigue 
in  10 5  cycles  when  exposed  to  an  SPL  of  162  db.  A  linear  structural  response' 
approach  is  used,  and  the  possibility  of  nonlinearities  is  examined. 

The  frame  stringer  panels  were  designed  to  withstand  various  combina¬ 
tions  of  internal  bursting  pressures  and  external  aerodynamic  loads. 

Procedures  used  in  fabricating  the  above  specimens,  and  specimens 
designed  by  R&D  personnel  are  also  described. 
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1.  INTRODUCTION 


Sonic  fatigue  is  a  major  reason  for  failure  in  modern,  high  speed 
vehicles.  For  this  reason  a  good  engineering  understanding  and  an 
accurate  method  of  fatigue  prediction,  is  necessary  in  the  design  and 
development  of  new  systems.  The  Sonic  Fatigue  Facility  at  Wright- 
Patterson  Air  Force  Base  has  been  designed  as  an  experimental  tool 
to  advance  the  state  of  the  art  in  this  area.  This  report  describes  the 
fabrication  and  design  of  test  specimens  constructed  for  use  in  this 
facility. 

The  test  specimens  are  divided  into  two  general  categories. 

The  first  category  consists  of  cantilevered  beams  and  two  bay  panels. 
These  specimens  were  completely  designed  by  Air  Force  personnel. 

The  construction  of  these  specimens  is  discussed  in  Sections  4. 1  and  4.2. 
The  second  category  consists  of  three  bay  panels  and  frame  stringer 
panels.  In  this  category,  the  final  design  was  accomplished  by  PAR 
personnel  based  on  Air  Force  furnished  design  criteria. 

The  three  bay  panels  were  designed  using  linear  theory  and  a 
fatigue  life  criterion  of  105  cycles.  The  effects  of  non-linearities 
were  examined.  The  analytical  work  resulting  in  the  final  design  is 
presented  in  Section  2  and  a  description  of  the  fabrication  is  given  in 
Section  4.3. 

The  frame  stringer  panels  are  designed  to  withstand  various  com¬ 
binations  of  internal  and  external  static  pressures.  The  design  work 
is  presented  in  Section  3  and  the  fabrication  is  described  in  Section  4.4. 
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2.  DESIGN  OF  THE  THREE  BAY  PANEL 


The  three  bay  panel  (Fig.  1)  is  designed  using  linear  theory  and  a 
fatigue  life  criteria  of  10^  cycles.  The  panel  is  to  be  exposed  to  normal 
incident  sound  with  pressure  levels  of  162  db,  the  energy  being  equally  dis¬ 
tributed  over  a  band  width  three  times  the  frequency  separation  of  the 
half-power  points  of  the  modal  response  of  interest. 

In  addition,  the  effect  of  membrane  stress  on  the  S-N  curve  for 
sinusoidal  loading  is  derived.  Random  fatigue  curves  are  then  obtained 
using  Miles'  theory  which  assumes  a  Rayleigh  peak  distribution.  The 
effects  of  this  assumption  are  discussed. 

2.1  DYNAMIC  RESPONSE  AND  STRESS  ANALYSIS 

The  mode  shapes  to  be  considered  in  this  analysis  are  those  shown 
in  Figure  2a  and  2b. 

The  area  where  fatigue  is  desired  is  near  the  stiffeners.  In  addition 
the  region  of  highest  stress  is  in  the  area  of  greatest  bending.  Therefore, 
the  modes  of  interest  are  those  shown  in  Figure  2a  and  2c.  Figure  2c  will 
occur  rather  then  2b  when  the  Z  section  is  relatively  stiff  in  rotation. 

Since  the  plate  is  to  be  excited  by  a  plane  wave,  the  modal  force  (MF) 
can  be  expressed  as: 

MF=  J  P  V{z)  dz 

^area 

where  p  =  pressure 

Vce)  =  mode  shape 

By  examination  it  can  be  seen  that  the  modal  force  for  the  mode  shape  shown 
in  Figure  2a  is  approximately  three  times  that  of  Figure  2c,  Based  on 
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FIGURE  l.Tti-REE  SAY  PAM  EL  L  OESj&N 
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this,  the  mode  of  Fig.  2a  is  assumed  to  be  the  critical  mode  in  fatigue 
and  is  the  only  mode  considered  in  this  study. 

Modal  Properties  and  Response 

The  equation  for  the  mode  of  interest  (Figure  2a)  will  be  assumed 

to  be: 

^  =  (1  -  cos  6*ITx/a)  (1  -  cos  2‘lfy/b) 
where  V  =  mode  shape 

x  =  distance  along  length  of  panel 
y  =  distance  along  width  of  panel 
a  =  effective  length  of  panel 
b  =  effective  width  of  panel 

The  remaining  modal  properties  can  be  obtained  from  the  expressions 
for  kinetic  energy  (T)  and  potential  energy  (V)  as  shown  below  (Ref  1  &  2). 

2T=  ^  dx  ^  dy  p'  (  £?w/o>t)2  (1) 

2 V  =  D  ^  dx  dy  ( w/  d  2  w/  3  y2) 

-  2  (1-9)  Q(32  w/  ^  x2  )  (  ^  w/^y2)-(^  w/  (Jx  ^y)^j  (2) 

where 

p'=mass/unit  area 
D  =Eh3/l2  (1  -92) 

K  ~  Young's  modulus 

h  =  thickness 

T?  —  Poisson's  ratio 

w  s  displacement  normal  to  the  surface 
£tt)  Modal  amplitude 
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Assuming  that 


<  2TTy/b}] 


w=  $  (t)  {J  -  cos  (6lTx/aJ  -  cos 
equations  X  and  2  can  be  expressed  as 

2  T=  p'  iZ  C  dx  C  dy  Q  -  cos  (6*Tfx/a)] 

'Q  2 

Q  -  cos  (2lTy/b)J 

2 V=  D  ^  dx  ^  dy  36*FT^/ai')  cos  (6TTx/a) 


(1  -  cos  (21Ty/b)  +•  {4^ /b^)cos  (2TTy/tJ  ( 1  -  cos  bTTx/a^J 


(3) 

2 


^<36*^ /a2)  (4‘H2/b2)  cos  (2TTy/b)  cosfbTTx/a) 

D  -  cos(2<jTy/bJ  Q  -  cos(6TTx/ a )|  -  (6  “tye)  *  (2  TT/b)sin  (2<ITy/b  ) 
sin  (6  TTx/a)  "l.  (4) 


Changing  the  variables  to: 

■Q-=6cn'x/a  and  0=2fTTy/b 
d0— 6  T T/a  dx  and  d0  —  2V/b  dy 

and  using:  0  =  6TT  when  x=a,  0=2*^  when  y=  b;  equations  3  and  4  become : 

2T=,f  ?')  dQ  (  d0  (1  -  cos  6)2  (1  -  cos  0)2  (  a/6ir)(b/2TT) 

'  O 


or 


2  _  >6ir  ?  (zpx 

2T=  J  p'  (ab/lZTT2)  (  (1  -  cos  8)  dfr  \ 


(1  -cos  0)2  d0 


(5) 


and 


-  2(1-^)  ^36ir2/a2)  (4°[f2/b2)  cos  0  cos  0  (l-cos  0)  • 
(j-cos  0)  -  (6  TI/ai>  (2  tTT/b)  sin  0  sin  9 )27 >  Ji_  b  _ 

-*J  6TT  £fr 
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or 


2 V=f  12  abqf2  D  (  d6  (  d0  R/a4  (l  -  cos  0)2 

A>  /o 

cos^Q  *4-1/9  (1  -  cos  9)  cos^0  + 

(2  ?/a2b2)  cos  0  cos  0(1-  cos  0)  {1  -  cos  0)  + 
£2(H>ya2b2j  sin20  sin2/j  (6) 

Equations 5  and  6  are  solved  by  means  of  the  following  integral  forms: 

fm<Tr  2  Cm^  7 

V  cos  ■z.dz.  =  \  sin^zdz  =  mlT/2 

Jo  J  o 


rm'TT 


( 

V  (l  -  cos  H  )  cosa  d  g  -  -m*TT/2 

✓mTT  2 

[  (1  -  cos  2)  da.  =  3m(nV2 

J  o 


Therefore , 

2T  =  (9/4)  p'a  b  'f  (7) 

and  2V=  J  12  ab'ff2  D  (3TT2)  (R)  (8) 

where  R=  (27/a4  4-  l/3b4  +2/a^bi') 

It  can  be  shown  that: 

2 

2T  -  M  ^ 

and  2V  =  K 

where  M  —  Modal  mass 

K  —  Modal  stiffness 

This  results  In  the  frequency  for  the  mode  of  interest  being: 

CX>Z  -  K/M  =l6Tr4  D/p'a2b2  j^27  (b/a)2  +  l/3  (a/b)2*!}  (9) 

Letting 

E  =  107  pst 

£>  h  (.1  h/386)  (lb  sec2/in4) 

V  =  .3 
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a  «  24  in 


b  =.  1 3  in 

gives  a>=  2.52  x  104  <h/in>  (radians /sec) 

or  f  =4.05  x  103  (h/'in)  (cycles /sec) 

The  stress  of  interest  is  the  maximum  stress  on  the  panel.  This 
will  occur  in  the  outer  fibers  and  at  the  center  of  the  long  boundary 
(stiffeners).  The  expression  for  the  stress  is  (Ref.  1): 

Sx  =  -E(h/2)(1  -V2)[(<32w  /^x2)+  V(a2w  /3y2)]  (10) 

where 

V/  -  Aj^l  -  cos  6  TTx/a)  (1  -  cos  Z^y/b) 
w  =  displacement  normal  to  the  plate 
the  amplitude  of  the  mode 
This  gives: 

Sx  =  EAKlT^Ml  -V2)  [(36/a2)  cost  bit x/ a)  (1  -  cos  Z^y/b) 

+  \?4/b2  cos(2cTIy/b){l  -  cos  6TTx/a)] 

The  maximum  stress  occurs  at: 

X  =  o,  a/3,  2a/3  and  a  ;  y  =  b/2 
Therefore  , 

Sx  =  36  EAJtil^/a2  (1  -y2)  =12*36^  Ap/h2aZ  (II) 

For  the  static  case,  A^is  the  static  modal  deflection,  or 

Modal  force  due  to  unit  pressure  __  ^  s 
Modal  stiilnes~s  K 

and 

Fg  —  C  dx  C  dy  Q  -  cos  (6*Tfx/a}]£l  -  cos  mry/b)]=ab 

Jo  Jo 
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This  gives 

A  =  ab/K  (12) 

whe  re 

K  =  36Tr4Dab  (27/a2  + l/3b4 +  2/a2b2) 
as  previously  shown. 

Substituting  Eq.  12  into  Eq.  11  results  in  the  maximum  static 
stress  per  unit  static  pressure  as: 

Ss/Ps  =  18.4/h2 

The  dynamic  stress  can  be  expressed  as  (Ref,  3): 

SRMS=W2  Q  f  PSD(f))l/2  Ss/Ps  (13) 

where 

®RMS  ^  Maximum  RMS  stress 
Q  =1  Quality  Factor 

f  =  Natural  frequency 

PSD(f)  =  Power  spectral  density  of  the  exciting  pressure 
Ss/Ps  —  Static  s tress/s tatic  pressure 

The  acoustic  energy  for  the  test  will  be  limited  to  a  band  width  of 
3  times  the  frequency  band  width  between  half  power  points  of  the  response 
mode  of  interest,  or: 

Af  =  3f/Q 

The  power  spectral  density  of  the  acoustic  energy  in  this  band  can  be 
expressed  as : 

PSD(f)  =  l/Af  =  lp/3f  (14) 

whe  re 

In—  square  of  the  acoustic  pressure  acting  on  the  panel. 


9 


Combining  equations  .13  and  14  gives: 

SRMS  =m/6)1/2Q  VPs  (15) 

Assuming  that  the  Q  of  the  panel  is  10,  and  the  level  obtainable  in 
the  WPAFB  fatigue  facility  is  162  db  (.365  psi)  yields: 

Srn*f  50.0/h2 

The  desired  stress  is  the  random  fatigue  strength  for  7075-T6 
aluminum  at  10^  cycles.  This  value  is  slightly  less  than  20,000  psi  as 
obtained  from  Figure  3,  The  resulting  thickness  is: 

h2=  50/20,000  =  25  x  It)'4  in2 
or  h  ~  0, 05  in 

This  value  is  the  result  of  a  conservative  analysis.  For  example  a 
stress  concentrative  factor  of  1.25,  or  a  Q  of  12,5,  or  an  SPL  of  164  db 
would  raise  the  value  to: 

h  0 .  0625  inches 

The  stress  concentration  factor  of  1.2  5  is  more  realistic.  The  Q  of 
12.5  is  probably  still  conservative,  and  the  164  db  is  probably  obtainable. 
Therefore,  a  thickness  of  0,0625"  inches  is  still  conservative  and  will  be 
used  in  the  remainder  of  this  section. 

Effect  of  Stiffeners 

The  Z  section  stiffeners  will  not  be  sized  but  rather  will  be  assumed 
to  be  1  in  x  2  in  x  1  in  x  0,  125  in.  (The  thickness  is  2h),  This  portion  of  the 
analysis  utilizes  the  simplified  models  given  in  Fig*  4  and  shows  that 
Z  section  flexibility  will  not  invalidate  the  previous  analysis. 
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FIGURE  4.  DYNAMIC  MODEL  OF 
THREE  BAY  PAM  EL 


First,  some  of  the  properties  of  the  Z  section  must  be  defined* 

Its  mode  shape  will  be  assumed  to  be: 

-  ^(1  -  cos  2<tTy/b) 

The  modal  properties  will  be  obtained  from  the  kinetic  energy  and 
frequency: 

2T  =  m  (()w/dt)2  dy  (16) 

m=0»50p  ^  mass/unit  length 
for  thickness  ^0,  125  Inches  (2h), 

( 1  -  cos 

/2<ir 

x  <*- 

=  .50  'f2  b?3<K/Z<W  =  ^2pb.75 

Therefore  the  modal  mass  is: 

M^.75pb^  2.52x10  ^  lbs  sec^/in 
From  standard  frequency  tables  (Reference  5) 
f  =  2.  87  x  103 
to  =  1. 80  x  104 
i/=3.32  x  108 

and 

K  =  M lx)'  —  8.  36  x  105  lb/in 

The  model  shown  in  Figure  4a  represents  the  plate  pinned  by  the 
stiffeners  and  is  compatible  with  the  mode  shape  of  Interest.  This  model 
will  be  solved  in  order  to  relate  the  k  and  M  values  to  the  previous  plate 
model, 

A  solution  can  be  obtained  for  the  model  using  the  potential  and 
kinetic  energies  as  shown  below: 

:z 

2T  =  3M  X{ 

ZV-k{  [j*(0/2)2+  5ofJ  zL&ky  Q>\ 


2<?Ty/b)  dy 

cos  0)^  d0 


2T  = 


50p  y2 

*Z 


1 


=  ?  .  50pb/2*tT 
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where 


M  =•  1/3  of  the  plate's  modal  mass 

kj  =  spring  constant  required  to  give  the  proper  stiffness. 

Assuming  small  displacement 

Qj  s:  2xj/L  where  Lsa/6 

and  2V=24k1  xf/L2 

let  k  »kj/L2 

the ref ore: 

2V  =  24k*2 

2 

and  A  =  8k/ M 
2 

Si  is  the  frequency  previously  found  for  the  plate.  This  results  in 
l  2 

k  =-Xi  M/8 
1 

The  model  shown  in  Fig.  4b  represents  the  plate  supported  by 
flexible  Z  sections.  The  mass  and  stiffnesses  of  the  Z  sections  (M2  and  k,) 
are  the  modal  mass  and  stiffness  previously  found.  The  solution  for  the 
model  can  be  obtained  as  shown  below. 

2T  =  M}  (2  i  ^  +  k  ^)+2M2  x2  (19) 

2 V  =  kj  (401/  +  202  +  2e3  +  ©4)  +  2  k2  *2  (20) 

where 

0j=  Xj/L  ,  02  -  (x2  -  XjJ/L  -  X4/L  , 

©2  =  (x2  -  2xj)/L.  ,  —  (x3  ~  -  (x2  ”  XjJ/Lj 

0-=(x3  -  2x2  +  x1)/L  , 

©4=2  (x2  -  x3)/L 
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therefore 


C2  2  2 

4xj  4-  2(x2  -  2x^)  +  2  (x3  -  2x2  Xj)  + 

4(x2  -  x3)2][  +  2  k2  x2 

It  can  be  shown  that  the  potential  and  kinetic  energies  can  be  put  into 
the  form: 


n 


n 


T*l/2  Z  H 

i-1  J»1 

n  n 

V—  1/2 

i*l  TTi 


X1Xj  My 


XI  xj  Kij 


where  n=number  of  degrees  of  freedom  and,  M—  and  K..  are  the  elements 

&  ij  ij 

of  the  mass  and  stiffness  matrices. 

The  frequencies  and  mode  shapes  can  be  obtained  from  the  solution  of 
^  —  0  which  is  the  standard  eigen-value  problem. 

Therefore, 


M  = 


ZMi 


2M- 


M, 


and 


K  = 


and 


0  =: 


14k-  8k 
-8k  14  k 
2  k  -  8  k 


2  k 

2  k  -  8  k 
6  k 


14k-  ZMjw" 

-8  k  (14  k 

2  k 


-8  k 

2  k2  -  2u/"M2) 
-8  k 


2  k 

-8k 

6k-  2  Mj 
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On  expansion,  the  determinant  becomes 

fu>6  -  (13M2MJ  kx  4- Mj  ^2  7  k1MZ)UJ4  + 

^  Z  2  2 

(40  M-jk ^  +13  Mj  kjk^  +  43Mjkj)uJ 

-  (24  k3  +  40  k2k^|  1/M2MjZ=  0  (21) 

z 

Recall  that  n;  =  8^/Mj 
and 

2 

=  k2/M2=squared  circular  frequency  of  the  stiffener 

Let 

s  =  LJ2 /_Q2  ,  fTJ Dl[  -  k2M1/8k1  M2 

where  03=  natural  frequency  of  the  system^and  rewrite  equation  21;this  yields; 

S3  -  (13/8+7/8  M1/M2  +  Jl2/n2  )  S2  +  (43/64  1^/1^,+ 13/8  +  5/8) S 

-  (3/64  Ml/M2  +  5/8  IT/.Q2)  =  0 

The  numerical  values  are: 

2  2 

jQ.  /ft  =  145  and  M./M?  =  1.  5 

2  1  1 

This  gives 

s3  -  148  S2+  238  S  -  91=0 

The  root  of  interest  should  be  the  first  one  less  than  S  =  l.  Assuming  this 
is  the  case,  an  approximate  value  can  be  obtained  from; 

S2  -  S  238/148 +91/148  =  0  or 
S=[l.6l  ±  (0.14)1/5/2 
S  =0.  99  and  0.  62 
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Using  1  as  a  first  approximation  and  applying  Newton’s  Method 
which  states: 

X2~X1  ‘  f(x)/ffx) 

gives : 

S=1.00  -(l  -  148  +  238  -  91 -  296  +23$ 

S  =1  -0=1 

The  mode  shapes  can  be  obtained  from  any  two  of  the  equations  of 
motion  derived  from  the  energy  expressions: 

}/&  t  (T-V)/<3  =  0 

The  two  chosen  are  given  below: 

-w2  ZM1  x  4-k  (4x  +  8x  -  4x  +  Zx,  -  4x~  +  2x0)  =»  0 

1  I  l  l  i  Z  1  £  3 ' 

2 

-  Id  Mj  X3  4  k  (2x3  -  4x^  +  ^X1  +  ^x3  -  ^K2  ) =  0 
Putting  these  in  terms  of  S  and  rearranging  and  letting  1 

gives : 

{-S8  +  7)  -  4 *2+x3  -  0 

+■  Z  -  8x2 +- X3  (-S8  +  6)  =0 

or 

x3  — (l6S  -  12^S  -  4)  =  4S  -  3/2  S  -  1  ,  for  S  =  1 
x3  =  (16  -  12)  /  (8  -  4)  =1 

and 

x2  =(ss  -  7  -  l)/-4  =  0 
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Therefore,  within  the  accuracy  of  this  model,  the  stiffeners  will 


not  affect  the  siting  analysis.  It  is  concluded  that  the  plate  shown  in 
Figure  1,  if  constructed  of  0,  0625  in,  7075-T6  aluminum,  stiffened  by 


5 

0.  125  "  x  2"  x  1"  Z  section  stiffener  will  fail  in  less  than  10  cycles  when 


subjected  to  the  acoustic  field  assumed  previously. 

2.2  LINEARITY  ANALYSIS 

Non-linearity  of  the  panel  behavior  due  to  membrane  stresses  could 
affect  the  fatigue  life  of  the  panel.  This  effect  is  examined  for  one  bay  of  the 
three  bay  panel. 

The  membrane  stress  can  be  determined  from  the  change  in  length 
of  a  strip  of  unit  width  across  the  panel.  The  cross  section  of  the  panel 
is  shown  in  Figure  2.5.  From  this  figure  the  differential  increment  of  width 
across  the  panel  can  be  expressed  as 

ds  =  dx/oos  9 

The  overall  change  in  length  is: 


dx/cos  0 


dx 


or 


(1  -  cos  Q)/cos  9  dx 


Since  9  is  small,  cos  0-  i , 


(1  -  cos  0)  dx 
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and 


2  , 

cos  9  <=sl  -  0  /2  +•  ... 

The  refore 

A£  =  (  x  GZ/2  dx 

x  >o 

A  mode  shape  is  assumed  as  follows, 

Y*(x»y)  -  COS  ZTTx/l^)  (1  -  cos  Z'fTyfb) 

for  which  the  displacement  is 

w  (x,y)  -  $/4  (1  -  cos  2‘B'x/lk)  (1  -  cos  2*rry/b) 

From  Figure  5  it  can  be  seen  that 
0  =  dw  /dx 

At  the  point  of  maximum  displacement  (where  y  =  b/2), 

6  =  fn/ty  s  in  (  2  IT  x/t*  ) 

and 

jV/(4^2) 

The  definition  of  Young's  modulus  is: 

E  stf/Al/t 
The  refore 

<S;  =  E  f2TT2/(4^) 

The  membrane  stress,  dj ,  is  proportional  to  f  ■  the  bending  stress, 

,  proportional  to  6  .  Therefore  the  dT  as  a  function  of  0^  can  be  defined 
if  both  are  evaluated  at  the  same  %  . 
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The  bending  stress  is  expressed  as: 

<3^=(E/J h/2)  (d2w/c)x2  4-  V^-w/^y2) 

Evaluating  the  expression  at  the  point  of  max.  bending  stress,  x  =  0  and 
y=;  b/2  gives 

^2w/^x2  *?2<n z/tKz 

and 

cJ2w/c)y2  —  0 

The  physical  constants  are 
E  —  10  psi 
7=  .3 

<4  =  20,000  psi 

h  =  0. 0625  in  . 

^=8  in 
Giving 

^  -  ,  188  in 

Resulting  in  a  membrane  stress  of 
dp  —  13 , 600  psi. 

Before  any  conclusions  can  be  obtained  from  this  result  the  effects 
of  the  non-linearity  on  fatigue  life  must  be  determined* 

For  one  complete  cycle  of  the  panel,  the  tensile  stress  is  zero  when 
the  bending  stress  is  zero,  and  is  maximum  positive  when  the  bending 
stress  is  maximum  positive  or  negative  as  shown  below; 
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The  net  effect  is  similar  to  a  preload  having  a  magnitude  equal  to  the 
maximum  of  the  tensile  stress.  Assuming  this  is  the  case,  the  required 
information  can  be  obtained  from  a  constant  life  chart  (Ref,  2)  with  tf^-as  a 
function  of  {^superimposed,  as  shown  in  Figure  6, 

The  sinusoidal  fatigue  curve  can  be  obtained  by  plotting  the  fatigue  stress, 
as  a  function  of  life,  along  the  zero  mean  stress  curve.  In  a  like  manner,  the 
effect  of  the  non-linearity  on  the  fatigue  can  be  accounted  for  by  plotting  the 
intersections  of  the  constant  life  line  and  the  curve  of  ^  vs  cL  *  Such  S-N 

T  B 

curves  are  shown  in  Fig*  7* 

Assuming  a  Rayleigh  peak  distribution  for  the  random  fatigue  curves 
can  be  obtained  using  the  method  described  in  Ref,  4.  This  results  in  the 
random  curves  shown  in  Figure  7*  The  use  of  a  Rayleigh  peak  distribution 
for  the  non-linear  analysis  does  not  give  exact  results  because  the  panel  response 
is  amplitude  sensitive,  thereby  reducing  the  higher  amplitude  peaks  that  are 
predicted  from  a  Rayleigh  distribution.  If  such  effects  were  accounted  for  in 
the  analysis,  it  would  result  in  the  non-linear  random  fatigue  curve  shown  in 
Figure  7  being  rotated  in  the  clockwise  direction.  Such  an  analysis  however 
is  beyond  the  scope  of  this  study. 
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3.  DESIGN  OF  FRAME-STRINGER  PANELS 


3. 1  INTRODU  CTION 

This  section  describes  the  detail  design  of  the  frame-stringer  panels. 


Three  panel 

parameters  are 

considered:  static 

pressure, 

stringer  cross 

section,  and 

panel  curvature. 

Six  variations  of  the  design 

are  presented  as 

shown  in  the  following  table: 

Des  ign 

No. 

Ae  rodynamic 
Pressure 
psig 

Internal 

Pressure 

psig 

Stringe 

Type 

r  Curvature 

1 

2 

10 

J 

Flat 

2 

4 

15 

J 

Flat 

3 

2 

10 

Hat 

Flat 

4 

4 

15 

Hat 

Flat 

5 

2 

10 

J 

60"R 

6 

2 

10 

Hat 

60"R 

All  panels  are  48  inches  wide  by  72  inches  long,  with  lengthwise  Z  frames  spaced 
at  9  inch  intervals,  and  stringers  spaced  across  the  full  width  of  the  panels  at 
5  inch  intervals.  Designs  of  curved  and  flat  panels  are  based  on  loads  produced 
in  a  pylindrical  pressurized  shell  ten  feet  in  diameter.  The  section  properties 
for  stringers  apply  to  both  J-sections  and  hat  sections;  thus,  only  two  analyses 
are  required , -one  for  each  of  two  loading  conditions.  The  analysis  is  presented 
in  detail  for  the  10  psig  internal  pressure  condition.  The  15  pslg  analysis  is 
summarized  for  each  structure  component  and  all  results  presented.  They  are 
refe  rred  to  as  the  "10  psi  design"  and  the  "15  psi  design.  " 
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3.2  DESIGN  CONDITIONS 


All  panels  have  skin  thickness,  springers  and  Z  frames  designed  to 
resist  tension  loads  perpendicular  and  parallel  to  the  frames.  These 
loads  are  to  be  equivalent  to  loads  produced  In  a  cylindrical  pressurized 
shell  ten  feet  In  diameter.  Two  pressure  loadings  are  considered:  first, 
a  10  psig  Internal  burst  pressure  ,  with  a  2  psig  aerodynamic  pressure 
normal  to  the  skin,  used  for  designs  1,3,5  and  6  listed  In  the  previous 
table;  similarly  a  15  psig  Internal  burst  pressure,  and  a  4  psig  aerodynamic 
pressure,  used  for  designs  2  and  4, 

The  analysis  of  the  skin  is  based  on  a  single  5  x  9  inch  panel  with  an 
internal  static  pressure,  and  an  external  uniformly  distributed  aerodynamic 
pressure  Pa  which  is  either  static,  or  which  varies  from  pa  to  psig 
at  a  rate  sufficiently  slow  such  that  the  structure  responds  statically  to  the 
applied  load. 

The  design  conditions  are  summarized  as  follows: 

1.  A  long  cylindrical  shell,  ten  feet  in  diameter. 

2.  Internal  burst  pressure  10  psig  or  15  psig  (two  Independent  conditions.) 

3.  External  aerodynamic  pressure,  2  psig  or  4  psig,  additive  to  10  psig 
or  15  psig  Internal  pressure  respectively. 

4.  Skin  material  is  7075-T6  aluminum.  Design  stress  of  the  material  equal 
to  ultimate  stress  which  is  72,000  psi. 

5.  Stringers  designed  for  bending  and  tension  loads. 

3..  3  DESIGN  OF  SKIN 

If  the  cylinder  had  no  frames  or  stringers,  the  skin  would  be  in  tension 
due  to  internal  pressure.  With  a  framed  shell,  however,  the  rigid  frames 
take  out  the  tangential  loads  and  the  skin  loading  reduces  to  the  normal 
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pressure  and  the  boundary  restraints  of  the  frames  and  stringers*  For  this 

analysis  the  skin  Is  designed  to  resist  normal  pressure  only.  The  stringers 

-3 

are  designed  to  limit  their  center-span  displacement  to  approximately  10 
inches  relative  to  the  frames.  Finally,  the  frames  are  designed  to  exceed 
the  support  strength  required  for  the  panel  edge  reactions  and  the  stringers; 
the  sum  of  these  loads  being  the  total  radial  force  developed. 

3.3.1  Normal  Pressure 

Boundary  conditions  for  the  entire  frame -s tringer  panel  are  not  to 
be  considered  in  this  analysis.  Therefore,  the  design  of  the  skin  reduces  to 
a  consideration  of  a  single  5x9  inch  panel  with  an  internal  burst  pressure 
plus  a  superimposed  external  aerodynamic  pressure. 

Since  the  arc  width  of  the  panel  is  only  five  inches,  with  a  radius  of 
curvature  of  sixty  inches,  the  panel  strength  may  be  determined  approximately 
by  a  flat  plate  analysis  (Wang,  Reference  5).  The  panel  is  supported  on 
either  side  by  stringers  and  on  the  ends  by  frames.  The  frames  are  rigid 
with  respect  to  the  sheet.  The  adjacent  panels  provide  tension  and  bending 
restraint  at  the  sides  along  the  stringers.  The  stringers  can  deflect  normal 
to  the  skin;  but  for  the  present  they  are  considered  rigid. 

3. 3.Z  Linear  Deflection  Theory 

Timoshenko  (Reference  l)  gives  the  equations  for  a  fixed  edge  thin  (w/t>.5) 
panel  wi  th  ratio  of  s ides  a/b  =18,  as : 

Z 

M^ss  0.0812  pb  ,  at  center  of  long  side 
wx  =0.  0267  pb^/Et^,  at  center  of  panel 
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where 


p  —  normal  pressure,  psi 
b  =:  width  of  panel,  in. 
t  =  thickness  of  panel,  in. 

E^Youngfs  modulus,  psi 

Solving  for  the  bending  moment  at  the  center  of  a  long  side; 

Mx  =0.  0812  (12)  (5)2  =  24.35  ib  in/in 

We  now  determine  the  minimum  thickness  allowed;  The  section  modulus  is 
Z  -I/C  =bt2/6 

Substituting  in  the  bending  stress  equation: 

0'=  M/Z  =  24.  35(6)/ t2  =72,000  psi 

Minimum  thickness  is; 
t  =0.045  inches 

The  plate  deflection  may  now  be  calculated: 

Wx  =  0.0267  pb4/Et3  =  0.  0267  12  x  (5)4/l0  (0.  45)3 
wx  -  0*  183  in. 

The  deflection/thickness  ratio  is  0.183/0,045  =4,04 

Timoshenko,  Reference  lt  page  333,  indicates  a  membrane  type 
analysis  should  be  used  if  the  maximum  deflection  exceeds  t/2,*  Therefore, 
we  must  consider  the  panel  as  a  membrane.  The  15  psig  internal  pressure 
condition  also  requires  membrane  theory  analysis. 
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3.3.3  Large  Deflection  Theory 


When  the  deflection  of  a  panel  becomes  large  the  normal  loads  are 
taken  out  by  stretching  of  the  surface  and  by  bending.  These  large  deflec¬ 
tions  introduce  nonlinear  terms  into  the  conditions  of  equilibrium  and  are 
governed  by  two  fourth-order,  second-degree,  partial  differential  equations. 
For  the  case  at  hand,  use  is  made  of  existing  available  data  pertinent  to  the 
solution  of  these  equations.  References  5  through  9  treat  the  problem  of 
large  deflection  in  panels.  There  is  general  agreement  as  to  results 
although  the  papers  differ  in  their  method  of  solution,  boundary  conditions, 
and  panel  dimensions. 

Roark,  Reference  I0„  presents  a  table  of  coefficients  for  large  deflec¬ 
tions  of  panels, under  uniform  load,  with  a/b  =1.5.  The  deflection  and  stress 
coefficients  are  plotted  in  Figures  8  and  9,  respectively.  The  abscissa 
for  both  curves  is  the  dimensionless  parameter  pb^/Et"1,  a  function  of  the 
panel  loading  and  thickness.  In  order  to  determine  what  panel  thickness 
corresponds  to  the  design  stress,  several  t's  are  chosen  and  stresses  computed. 
The  results  are  tabulated  below  for  the  10  psig  internal  pressure  design. 

Results  for  both  design  conditions  are  plotted  in  Figure  10 


t 

pb4/Et4 

w/t 

Cfb2/Et2 

w^  in. 

cr',  psf 

.  025 

1900 

_ 

_ 

..  032 

714 

3.06 

155 

.  098 

63,500 

..040 

293 

1.96 

76.  5 

.  0785 

49,000 

.  050 

120 

1. 37 

40.  0 

.  0685 

40,000 

.  063 

4  8 

0.  81 

19-7 

.  0510 

31,200 

.  070 

3  1 

0.60 

13.6 

.  0420 

26,600 
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Based  on  this  fixed  edge  analysis,  the  skin  thickness  should  be  0,0295 
inches  and  0,0395  inches  for  the  10  psi  and  15  psi  designs,  respectively. 
Selecting  the  nearest  commercially  available  sheet,  the  skin  thickness  be¬ 
come  0.  032  and  0.040  inches. 

Thus  far  the  5x9  inch  panel  has  been  assumed  to  be  fixed  at  the 
stringer  centerline.  Actually  a  double  row  of  rivets  is  used,  thus  reducing 
the  effective  panel  width.  Once  the  stringer  designs  are  set,  the  skin 
thickness  selection  is  reviewed  and  modified  if  required,  based  on  the 
effective  panel  width. 

3.3.4  Effect  of  Stringer  Deflection 

The  maximum  stress  in  the  panel  occurs  in  bending  at  the  center  of 
the  long  edge.  Deflection  of  the  stringers  occurs  in  a  plane  perpendicular  to 
the  panel  and  parallel  to  the  long  edge,  Deflection  in  this  plane  would  have 
a  second  order  effect  on  stress  in  the  plane  normal  to  the  long  edge.  We  may, 
therefore,  consider  the  fixed  edge  analysis  above  to  be  final,  keeping  in  mind 
that  stringer  deflection  must  be  minimized. 

3.4  DESIGN  OF  STRINGERS 
3,4,  1  Axial  Tension 

Pressure  on  the  ends  of  a  closed  cylinder  produces  axial  loads  in  the 
structure.  The  total  force  is: 

2 

P  —  p(  Area)  ==  jflTR 

The  number  of  stringers  is 

N  =  circ.  /span=25KR/5  =  75.  5  0*75  stringers 
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Letting  the  stringers  carry  the  entire  load,  the  force  per  stringer  is: 

pst  =P/N  =  pflIR2x5/2<nR  =  5  pR/2 
and  the  required  cross  sectional  area  for  each  stringer  is: 

As=tPst/(5-  =  Force  per  stringer/stress 

This  shall  be  evaluated  in  a  subsequent  section  which  combines  axial 
and  bending  stress  to  arrive  at  total  stress. 

3.4.2  Distributed  Normal  Load 

The  stringers  support  the  long  edges  of  the  5x9  inch  panels.  I  here 
fore,  the  Load  distribution  along  a  stringer  due  to  a  single  panel  must  be 
determ  ined. 


Consider  a  one  inch  wide  strip  from  c  to  d  as  shown  above.  Taken  as 
a  uniformly  loaded  beam,  the  shear  at  c  is: 

Vc  =  P/2  =  Wbb/2 

where  "Wb  =  the  distributed  load  in  lb/in. 

The  shear  at  any  point  along  the  long  edge  may  be  expressed  as: 

V  =0/2)  W,  b  Sin  frfx/a) 

X  D 

based  on  the  assumption  of  a  sinusoidal  load  distribution  (Reference  9  ). 
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Similarly,  shear  along  the  short  edge  may  be  expressed  as: 


V  =<i/2)waasmfrry/b) 

where  Wa  ^  distributed  load  in  Ib/in. 

Now  we  have  two  requirements:  The  total  reaction  force  must  equal 
the  applied  pressure  load; 

W^b  ^  Sin'Tf^/a  dx  +  Waa  ^  SinCTfy/b)  dy  =.pab 
and  the  maximum  deflections  at  the  center  must  be  equal 

Wbb4/38bEI  =  Waa4/38bEI 


Wa/Wb=(b/a)4 
Solving  the  above  equations: 

wb=  pTT/^i+fb/a)4] 

Wa=p*Tr/§(H-{a/b)4] 

The  total  load  on  one  long  edge  due  to  a  single  panel  is: 

Pg  —  1/2  Wj^b  ^  Sin^x/a)  dx 
=  pab/Z,  187 

and  along  the  short  edge: 

Pf^Waab/rr  =  pab/23 

For  the  total  pressure^  static  plus  aerodynamic  (12  psi),  the 
distributed  normal  load  on  a  stringer  due  to  one  5x9  inch  panel  is: 
qs  =,  1/2  wbb  =  pbnr/4  (1  +(5/9)4)  =  12(5)4T/4  (1  +{5/9)4) 

=  43  Ib/in  at  the  center  of  the  stringer* 

The  bending  moment  in  the  stringer  under  sinusoidal  loading  is: 
Mmax  -  .0645  qsa2-  .  0645(43){9)2 
=  224  In  lb 
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and: 


Mjn^Jcs:448  Ln  lb  due  to  two  adjacent  panels. 

3.4.3  Combined  Stress 

The  combined  stress  in -a  stringer  is: 

<t»p/a  ■+*  m/z 

If  we  design  to  ultimate  stress,  the  combination  of  axial  and  bending 
stress  must  sum  to  tfu.  Since  many  stringer  designs  could  possess  the 
required  properties,  curves  have  been  constructed  relating  pressure, 
area,  and  section  modulus.  These  are  shown  in  Figure  11..  Any  stringer 
with  properties  which  place  it  on  or  above  the  curve  is  adequate.  We  will 
first  select  a  member  which  has  minimum  requirements.  To  limit  deflec¬ 
tion,  Z  should  be  large.  Minimum  thickness  limits  this,  however,  as  the 
stringer  should  be  at  least  as  thick  as  the  skin  being  attached  to  it.  With 
this  as  a  limit,  several  trials  were  made  until  the  hat  section  shown  in 
Figure  12a  was  chosen.  Point  A  on  Figure  11  indicates  that  the  section 
is  a  minimum  design  with: 

Material  =7075-T6 
A  =  .  067 

Z  =  .0082 

I  =  .0021 

Deflection  of  this  beam  would  be; 

w  =  qa4/ 456EI  =  (2  x  43)(9)4/456  (10)7  (.0021)  =  0.059  in 
This  deflection  is  not  acceptable*  It  approaches  the  magnitude  of  skin 
deflection  relative  to  the  stringers  and  would  therefore  tend  to  increase  the 
panel  loads*  The  design  is  also  unacceptable  because: 
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.1.  Height  of  hat  would  limit  design  to  l/l6  rivets  to  attach  corner  supports* 
Four  rivets ,  2  per  bracket ,  would  not  have  shear  strength  to  support 
stringer  relative  to  frames. 

2.  Section  too  flimsy,  how  torsional  stiffness. 

3.  Rivet  installation  would  be  critical,  edge  distance  minimum,  chance  of 
bad  installation  inside  hat. 

,4.  If  extrusions  were  chosen,  the  thin  wall  would  be  difficult  to  extrude 
and  warping  due  to  heat  treatment  would  be  a  problem. 

One  solution  is  to  go  to  a  different  aluminum  alloy  for  the  stringers. 

For  2024-T3  extrusion,  ultimate  stress  is  57,000  psl.  This  lower  stress 
requires  more  area  and/or  a  larger  section  modulus  (Z).  Therefore, 
dimensions  would  increase,  larger  rivets  would  be  possible,  and  deflection 
would  decrease.  Figure  L2b  shows  a  possible  configuration  for  a  hat 
section.  This  section’s  area  and  modulus  are  indicated  as  point  B  in 
Figure  11*  The  deflection  for  this  section  is: 

W  =  qa4/456EI  =  (2  x  43)(9)4/456(  1 0)?(.  00389)  =  0.  032  in. 

This  deflection  is  marginal.  Therefore,  another  method  will  be  tried.,., 

3,4,4  Deflection  Limited  Design 

The  above  analysis  attempted  to  design  the  stringers  to  ultimate 
stress  under  the  imposed  loads.  This  approach  is  possible;  but,  as 
indicated  above 3  it  results  in  a  marginal  design  with  difficult  rivet 
installation  and  relatively  large  deflection. 

The  most  realistic  mode  of  failure  due  to  acoustic  loads  is  failure 
of  the  skin,  rather  than  the  stringers.  To  assure  skin  failure  the  stringer® 
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are  designed  to  an  arbitrary  deflection  limit  rather  than  to 
ultimate  stress.  This,  of  course,  relieves  all  problems  associated 
with  the  small  section. 

Proceeding  with  this  method,  sections  are  selected  which  limit 
deflection  to  approximately  0,  010  inch  and  allow  use  of  3/32  or  larger 
rivets.  The  moment  of  inertia  required  for  the  10  psi  design  is: 

I  =qa4/456E-w  =  {2  x  43)(9)4/456(  1 0)7(.  010)  =  .  0124  in4 
and  for  the  15  pslg  design; 

1  =  (2  x  68)(9)4/456(l0)7(.  010)  =  .0196  in4 
Sections  have  been  selected  which  meet  or  approach  these  require¬ 
ments.  They  are  shown  in  Figure  13  and  their  properties  are  listed  in 
the  following  table: 


Figure 

No. 

Type 

Section 

Area 

in* 

Moment  of 
Inertia 
in4 

3 

in 

Deflect 

Max. 

1 3c 

hat 

0.  118 

0. 0096 

0.  021 

.013 

13d 

hat 

0.  184 

0.028 

0.  049 

.  007 

23a 

J 

0.110 

0.0098 

0.021 

.  007 

tab 

J 

0.  175 

0.028 

0.  046 

.  007 

3.4  EFFECTIVE  PANEL  WIDTH 

Now  that  the  stringer  cross  sections  have  been  selected,  it  is  possible 
to  verify  the  skin  thicknesses  required  by  going  through  the  analysis  with  a 
panel  width  bated  on  the  stringer  rivet  spacing. 

Consider  the  10  psi  design  with  J  section  stringers.  The  stringer  is 
riveted  t  o  the  panel  with  a  double  row  of  rivets  spaced  .50  inches  apart. 

The  effective  width  of  the  panel  is  now  4.  50  inches,  the  span  between  rows 
of  rivets.  Using  this  width  in  the  analysis  outlined  in  paragraph  3,3.3  yields 
a  skin  thickness  requirement  of  .0265  inches.  The  .032  sheet  is  still  the 


40 


0.050  — i 


aoso 


0.750 

J  -i 


0.0  SO 
{ TYP ) 


I 


S££  A/or£  Z 


0.03  P 

( typ/cai  -  ¥  Pics) 


QP£A/C  SHAPP 
££>£■£  S  -  rvP'CP  4. 
Po/z  Aii.  ours/ os 
SOAPS  PS 


A/oT£S  ; 


/  Alpr'l  -  20Z¥-7~P-  OP  £<?U/i/Al£PT‘ 

if  J  i  -  \  .....  ....  J_  ]  -  -  nL-i-i— i  .l-ll,  -  .  . 

2.  APOi/iAP/ry  -  ±2° 

3.  rpts  CPOSS  -  $£C  r/O'V  P£C/ii/P£S  A  A/ 
£xrPHSt€>*  D/S 

V.  S£Al£  ,  2  :  / 


fl&UPE  /3. 5EL£CrEJ>  STRINGER  CROSS-  SECTIONS 
CL)  ET  -  S£C7~/£>A/ ,  /0/°J/  OiTS/<G/V 


m 


41 


/V#r£S  :  /.  MArZ  J  26)2.4  -T*+  OA 

2  .  /}//6/JLA/L/rV  ,  ±  Z  * 

3.  A 16  COA//6A  RAD/t  0.06 

4*.  TH/S  CAOSS  S£or/ON  C0AAPSP&H0  S  710 
P/0/SOEA  A  6  i/PI/A/M  H*  £*  TA  tti/O/V  AfO , 
PA  734^^ 

5.  OUfO.  $0/U£-  2:/ 

fJ_G±£L£.  /3  -  co/JTi/JUE'b - 
jfry  jr-  S£07~/0>tV  ,  /S  PS/  /?£S so- A/ 


■T? 

i  nm 


t  x  t  J 

'  g  /6 


<2,040  - 

STOCK  THICKNESS 


—  Q£HD  ZADJUS  3t  -  5  £ 

TY/*/CA  4.  -  4*  P<LCS 


Mor£$  :  /.  /VAT't  ,  Z02.4-T3  SM££T~ 


o.oso 

STOCK 


££ND  FADWS  3t  -5 1 
ryp  -  ^  />4J9££S 


fis£sji 


NOT£S  :  /.  MAT'e  ,  2024  -T3  S//KO  7~ 

Z.  ro>2£jeA4c£  om/  r/zact/oz/ac 

0;aj£a'$/c*'S  t  >5 2. 

3.  DM/  cS.  ROAC  £J  2 :  / 


y  l  J  -i  il 


F  /G-URE  /3  -  ^O/UCL  uded 


d) 


///)  T  S££l -/DA/  j  /B  FS/  DFS/&A/ 


nearest  commercial  size.  The  15  psi  design  with  J  section  stringers 
has  an  effective  panel  width  of  4.2  inches,  resulting  in  a  skin  thickness 
requirement  of  .  034  in.  Again,  the  .  040'  in  sheet  previously  selected  is 
the  nearest  commercial  size. 

The  hat  section  stringers  have  a  wide  rivet  spacing  but  they  cannot 
be  considered  rigid  at  the  rivet  line.  They  are  made  of  sheet  and  deform 
under  load  with  the  skin.  The  effective  panel  width  is  reasonably  assumed 
to  be  the  same  as  that  of  the  J  section  panel.  Thus  all  designs  stand  with 
.032  in  sheet  for  the  10  psi  design  and  .040  in  sheet  for  the  15  psi  design. 

3.5  DESIGN  OF  FRAMES 

On  the  basis  of  tension  loads  due  to  a  pressure  loading  on  the  cylinder, 
the  minimum  frame  area  may  be  computed  assuming  ultimate  stress  for 
2024- T3  and  substituting  in  the  hoop  stress  formula.  Taking  the  total  hoop 
load  out  through  the  frames  gives: 

0^=  Load/Area  =  p(width)2R/2A 
or  A  =  {12  x  9  x  60)/(72000  x  2) 

A  —  0.045  in2 
for  the  15  psi  design: 

A  =  0.  056  in 

These  areas  are  conservative  since  the  aerodynamic  pressure  which 
is  Included  does  not  act  around  the  entire  circumference  of  the  shell.  The 
required  minimum  areas  are  approximately  the  same  as  the  stringer  areas; 
therefore,  it  may  be  concluded  that  hoop  toads  alone  do  not  design  the  frajnes. 
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The  selection  of  frames  is  thus  arbitrary  and  sizes  are  seLected  to  be 
compatible  with  the  skin  and  stringers.  A  thickness  of  approximately  twice 
the  skin  thickness  is  selected.  Height  is  taken  to  be  about  2  l/2  times  the 

s 

stringer  height.  Figure  14  shows  the  frame  cross  section  selected.  Di¬ 
mensions  were  taken  from  the  Army-Navy  Aeronautical  Design  Standard 
AND!  0138, 

3.6  RIVET  SELECTION 

Rivet  spacing  is  one  inch  or  less  to  assure  even  load  transfer  from 
sheet  to  stringers.  Rivet  diameters  are  selected  to  insure  adequate  margin 
of  safety-  AD  type  rivets  with  30,000  psi  ultimate  stress  are  used  throughout. 

3.6,1  Skin  To  Stringers  and  Frames 

The  skin  to  stringer  attachment  is  made  with  a  row  of  rivets  through 
each  flange  of  the  stringer.  The  following  discussion  applies  to  one  row  only* 
Recall  that  the  maximum  normal  stringer  load  was  43  lb/in.  at  the 
center  of  the  span  due  to  one  skin  panel  only.  For  a  nominal  one  inch 
rivet  spacing  the  rivet  strength  must  be  greater  than  43  lbs.  (or  68  lbs  for 
the  15  psi  design).  Rivets  of  i/l6  diameter  have  an  80  lb.  capacity  which 
would  be  more  adequate,  3/32  diameter  rivets,  however,  are  the  minimum 
recommended  size  for  aircraft  construction,  and  are  used  for  all  specimens. 

The  previous  analysis  of  the  normal  loads  between  the  skin  and  the 
frames  indicated  a  maximum  load  at  center  of  the  five  inch  span  of: 

qf  =  1/2  W  a  =  paVfjO  +(a/b)4J 

=  12(9)5174(1  4- (9/5)4) 

=  7.36  lb/in 
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due  to  one  panel.  Two  panels  load  it  to  14.8  lb/inch,  well  within  the 
capacity  of  3/32  rivets.  The  15  psi  design  loads  the  frame  to  23.4  lb/in; 


also  within  the  capacity  of  3/32  rivets. 

3.6.2  Stringers  to  Frames 

The  load  transferred  from  a  stringer  to  a  frame  for  the  10  psi  design 


Pst  =(pab/2*187)2 


-  495  lb. 


And  for  the  15  psi  design: 


P  ^  =785  lb. 
st: 


The  joint  is  held  by  two  clips  as  shown  in  Figures  15  thru  18.  The 
clip  design  is  shown  in  Figure  19.  There  are  thus  four  rivets  in  single 
shear  carrying  the  load.  Four  3/32  diameter  rivets  carry  4  x  217  =868  lb.  in 
shear  (ultimate)  which  is  adequate  for  all  specimens.  The  margin  of  safety 
is  75%  for  the  10  psi  design  and  10%  for  the  15  psi  design.  The  frame  cut¬ 
outs  for  the  various  configurations  are  shown  in  Figures  20  thru  23. 

3.  7  DESIGN  SUMMARY 

The  frame  stringer  panel  designs  are  summarized  as  follows.  The  skin 
thicknesses  required  are  0.  032  and  0.  040  for  the  10  psi  and  15  psi  designs 
respectively.  The  stringer  cross -sec tions  are  shown  in  Figure  13.  frame  cross- 
sections  are  shown  in  Figure  14,  and  Figures  15  thru  18  present  frame 
stringer  intersections.  The  basic  layout  of  frames,  stringers  and  rivet 
patterns  for  all  specimens  is  shown  inFigures  24  thru  27. 
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4.  FABRICATION  OF  SPECIMENS 


4.  I  CANTILEVERED  BEAMS 

The  cantilevered  beams  are  made  of  aluminum  sheet  as  shown  in 
Figure  28*  The  beam  was  cut  to  final  dimensions  by  precision  shearing, 
and  the  two  holes  (to  be  tapped)  were  stamped  out. 

The  shims  were  sheared  to  final  dimensions  and  two  holes  stamped 
out  with  the  same  die  used  for  the  central  section.  The  long  surface  taper 
was  milled  with  a  side  cutting  end  mill,  in  a  fixture  providing  rigid  backing 
for  the  thin  material. 

The  parts  were  prepared  for  bonding  according  to  MIL-A-9067C. 
Assemblies  of  a  beam,  two  shims  and  FM-1000  bonding  film  were  then 
mounted  on  a  fixture  with  dowel  pins,  using  the  holes  in  the  parts  for 
location.  Each  set  of  beams  going  through  this  cycle  was  accompanied  by 
two  bond  shear  strength  test  coupons,  of  which  one  was  tested  to  guarantee 
compliance  with  the  bonding  specification,  and  the  other  stored. 

After  bonding  and  cooling,  the  extruded  beads  of  bonding  agent  were 
milled  to  leave  a  skin  less  than  .001  Inches  thick  on  the  beam. 

Completed  assemblies  were  inspected  for  final  dimensions,  bonding 
voids  ,  surface  defects  and  thread  tolerance.  Cantilevered  beams  passing 
inspection  were  then  individually  wrapped,  and  packed  in  sets. 

4.2  TWO  RAY  PANELS 

The  two  bay  panel  is  shown  in  Figure  29*  All  components  of  the 
panel  were  sheared  to  final  dimensions,  the  rivet  holes  were  stamped. 
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After  preparation  for  bonding  per  MIL-A-9067C,  all  surfaces  near 
bonded  edges  were  covered  with  a  self-adhering  Mylar  tape,  and  masks 
of  teflon  were  inserted  in  the  frame.  These  masks  served  as  pressure  pads, 
but  had  pressure  relief  grooves  to  allow  extruded  excess  bond  to  flow  away 
from  the  metal  surfaces.  A  complete  set  of  flat  metal  parts,  bonding  film 
for  one  panel,  and  two  shear  test  coupons,  were  installed  in  a  jig;  the  whole 
assembly  was  processed  with  a  heated  platen  hydraulic  press.  Panel  assemblies 
passing  bond  integrity  inspection  were  completed  by  riveting  on  the  zee 
sections.  Final  inspection  and  packing  for  shipping  completed  this  phase. 

4.3  THREE  BAY  PANELS 

The  three  bay  panel  is  shown  in  Figure  30. 

The  panels  and  the  flat  blanks  for  the  zee  sections  were  sheared  to 
final  dimensions;  the  rivet  holes  were  stamped.  Assembly  of  the  three 
bay  panels  was  completed  by  riveting  the  zee  sections  to  the  panels. 

4.4  FRAME-STRINGER  PANELS 

The  six  types  of  frame -stringer  panels  and  their  details  are  shown 
in  Figures  13.  through  27. 

The  skins  were  sheared  to  size  and  the  rivet  holes  (for  the  stringers 
only)  were  stamped.  Clips,  with  four  rivet  holes,  were  stamped  and 
folded  into  right  and  left  parts.  Curved  frames  were  stretch  formed.  All 
frames  and  stringers  were  cut  to  size,  and  rivet  holes  drilled. 

In  a  typical  assembly  sequence,  the  clips  were  riveted  to  the  stringers, 
which  were  then  riveted  to  the  skins;  the  frames,  clamped  to  the  skin, 
served  as  drilling  templates  for  the  skin.  After  removal  of  clamps,  riveting 
completed  the  assembly. 
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